Background: There has been increasing interest in the study of the association between Vitamin D receptor (VDR) gene polymorphisms and risk of chronic periodontitis. However, the results remain inconclusive. To better understand the roles of VDR polymorphisms (BsmI, TaqI, FokI, and ApaI) in chronic periodontitis susceptibility, we conducted this systematic review and meta-analysis. Materials and Methods: The PubMed, Google Scholar, and Web of Science database were systemically searched to determine all the eligible studies about VDR polymorphisms and risk of chronic periodontitis up to April 2017. Odds ratio (OR) and 95% confidence interval (CI) were used to evaluate the associations between VDR polymorphisms and chronic periodontitis risk. All the statistical analyses were performed by Comprehensive Meta-Analysis. All P values were two-tailed with a significant level at 0.05. Results: Finally, a total of 38 case-control studies in 19 publications were identified which met our inclusion criteria. There are ten studies with 866 chronic periodontitis cases and 786 controls for BsmI, 16 studies with 1570 chronic periodontitis cases and 1676 controls for TaqI, five studies with 374 chronic periodontitis cases and 382 controls for FokI, and seven studies with 632 chronic periodontitis cases and 604 controls for ApaI. Overall, no significant association was observed between VDR gene BsmI, TaqI, FokI, and ApaI polymorphisms and risk of chronic periodontitis in any genetic model. Subgroup analysis stratified by ethnicity suggested a significant association between BsmI polymorphism and chronic periodontitis risk in the Caucasian subgroup under allele model (A vs. G: OR = 1.747, 95% CI = 1.099-2.778, P = 0.018). Further, no significant associations were observed when stratified by Hardy-Weinberg equilibrium status for BsmI, TaqI, and ApaI. Conclusion: Our results suggest that BsmI, TaqI, FokI, and ApaI polymorphisms in the VDR gene might not be associated with risk of chronic periodontitis in overall population.
INTRODUCTION
Periodontal disease is the leading cause of tooth loss in the world, with chronic periodontitis the most common form representing the vast majority of all periodontal diseases. [1] Periodontal disease is highly prevalent and has multiple negative impacts on quality of life. [2] Chronic periodontitis is a reversible inflammation in response to intraoral plaque bacteria, [1, 2] which affects the periodontal tissues resulting in irreversible apical migration of the junctional epithelium, loss of periodontal attachment, and ultimately tooth loss. [3, 4] Periodontitis is a complex multifactorial disease that involves the interaction of genetic and environmental factors such as sex, age, smoking, and systemic diseases. [5, 6] Among the genes suggested to be involved in periodontitis are genes that code for interleukin-1 (IL-1), IL-10, Vitamin D receptor (VDR), transforming growth factor beta (matrix metalloproteinase-3), IL-6, IL-1 β, tumor necrosis factor-alpha, etc. [7] [8] [9] [10] [11] The involvement of VDR gene polymorphisms have been suggested in the etiology of both aggressive and chronic periodontitis. [10] The gene-encoding VDR is localized to human chromosome 12q13-14 region and is spanned approximately 100 kb long, comprising at least five promoter regions, eight protein-coding exons, and six untranslated exons, which are alternatively spliced. [12] [13] [14] [15] To date, several functional polymorphisms have been reported in the VDR genes, including FokI in exon 2 (C/T, rs10735810), BsmI in intron 8 (G/A, rs1544410), ApaI in intron 8 (A/C, rs7975232), Tru9 I in intron 8 (G/A, rs757343), and TaqI in exon 9 (T/C, rs731236). [16, 17] In 2001, Yoshihara et al. reported first association between the VDR gene BsmI G/A (rs1544410) polymorphism and aggressive periodontitis in a Japanese population. [18] Two years later, Tachi et al. reported associations between TaqI T/C (rs731236) and FokI C/T (rs2228570) polymorphisms and chronic periodontitis in the same population. [19] Later, the VDR polymorphisms susceptibility to chronic periodontitis have been investigated in different populations. Not surprisingly, the results obtained by different investigators vary. Therefore, to provide a more comprehensive assessment of the associations of the VDR polymorphisms (BsmI, TaqI, FokI, and ApaI) with chronic periodontitis, we carried out this systematic review and meta-analysis of all eligible studies published up to March 2017.
MATERIALS AND METHODS

Search Strategy
To identify eligible studies for this meta-analysis, we searched the MEDLINE (PubMed), Google Scholar, and Web of Science (Thomson-Reuters) for all eligible articles published up to March 20, 2017 , that examined the association between the BsmI, TaqI, FokI, and ApaI polymorphisms of the VDR gene and chronic periodontitis risk. The following terms were included in the search: "periodontal disease," "chronic periodontitis," "Vitamin D receptor," "VDR," "BsmI (rs1544410, intron 8, +63980 G > A)," "TaqI (rs731236, exon 9, +65058 T > C)," "FokI (rs2228570, exon 2, +30920 C > T)," "ApaI (rs7975232, intron 8, +64978 C > A)," "polymorphism," "mutation," "variant," "gene," "genotype," "SNP," and "allele." The search was not restricted by the publication year or language. To identify potentially relevant studies, we manually searched reference lists of eligible studies, reviews, and related meta-analyses. In addition, we also contacted the authors to get more data as possible as we can. If there were multiple reports of the same study or overlapping data, only the study with the largest sample sizes or the most recent one was selected in our meta-analysis and the others were excluded.
Inclusion and exclusion criteria
Studies were selected according to the following inclusion criteria: (1) full-text published studies; (2) epidemiological studies with case-control or cohort design; (3) investigating the association of VDR -BsmI, TaqI, FokI, and ApaI polymorphisms with chronic periodontitis risk; (4) providing sufficient genotype data or information that could help infer the results in the studies to calculate the odds ratios (ORs) with a 95% confidence interval (CI). The exclusion criteria were as follows: (1) studies with only case group (no control population), case reports, commentaries, and reviews; (2) studies on other polymorphisms of VDR gene; and (3) studies without detail genotype frequencies, which were unable to calculate OR.
Data extraction
Two investigators independently extracted data using a pre-designed form. For each study, the following information was extracted: name of first author, publication year, country where the study was conducted, ethnicity, polymorphisms, genotypic testing method, number of cases and controls, genotype frequency in cases and controls, minor allele frequencies (MAFs) in control subjects, and Hardy-Weinberg equilibrium (HWE) test in control subjects. Diverse ethnicities were categorized as Caucasian, Asian, African, and Mixed, which included more than one race. Disagreements were resolved in consultation with the third reviewer.
Statistical analyses
All the statistical analyses were performed by Comprehensive Meta-Analysis software version 2.0 (Biostat, Englewood Cliffs, I.N.J., USA). All P values were two-tailed with a significant level at 0.05. The strength of associations was assessed using ORs and 95% CIs and the significance of pooled ORs was examined by Z test . The pooled ORs were determined for BsmI under the allele (A vs. G), homozygote (AA vs. GG), heterozygote (AG vs. GG), dominant (AA + AG vs. GG), and recessive (AA vs. AG + GG) models. The TaqI was evaluated using the allele (C vs. T), homozygote (CC vs. TT), heterozygote (CT vs. TT), dominant (CC + CT vs. TT), and recessive (CC vs. CT + TT) models. The FokI polymorphism was assessed using the allele (T vs. C), homozygote (TT vs. CC), heterozygote (TC vs. CC), dominant (TT + TC vs. CC), and recessive (TT vs. TC + CC) models. The ApaI polymorphism was assessed using the allele model (T vs. G), homozygote (TT vs. GG), heterozygote (TG vs. GG), dominant model (TT + TG vs. GG), and recessive (TT vs. TG + GG) models. Heterogeneity between studies was evaluated by Cochran's Q-test and I 2 statistics. P < 0.10 or I 2 > 50% indicated significant heterogeneity. If substantial heterogeneity was detected, the random effects model (the DerSimonian-Laird method) was used; otherwise, the fixed effects model (the Mantel-Haenszel method) was utilized. Furthermore, to explore the source of between-study heterogeneity, subgroup analyses were performed. The one-way sensitivity analyses were performed to survey the stability of the results, namely, a single study in the meta-analysis was omitted each time to reflect the influence of the individual data set to the pooled OR. Publication bias was examined using a Begg's funnel plot or Egger's plot, and the significance level was set at 0.05 for both. A HWE test of the VDR gene polymorphisms in healthy subjects was examined using Chi-square test and deviation was considered when P < 0.01.
RESULTS
Study characteristics
Initially, we have identified 52 publications through the database search. After reading the titles and abstracts, two publications with duplicate titles and four articles that were review articles or assessed unrelated diseases were excluded. Finally, a total of 38 case-control studies in 19 publications [13] [14] [15] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] were identified met our inclusion criteria. There are ten studies [13] [14] [15] [20] [21] [22] [23] [24] [25] [26] with 866 chronic periodontitis cases and 786 concerning BsmI, 16 studies [13] [14] [15] 19, 21, 23, [26] [27] [28] [29] [30] [31] [32] [33] [34] with 1570 chronic periodontitis cases and 1676 controls concerning TaqI, five studies [19, 20, 23, 25, 26] with 374 chronic periodontitis cases and 382 controls concerning FokI, and seven studies [14, 20, 21, [23] [24] [25] [26] with 632 chronic periodontitis cases and 604 controls concerning ApaI. Main characteristics of the 38 included case-control studies were described in Table 1 . Briefly, four main ethnic populations, including Caucasians, Asians, African, and Mixed, from eight countries were involved in this study. The countries of these studies included Brazil, China, Japan, Turkey, Jordan, Libya, Italy, India, and Colombia. The genotypes in control group for four case-control studies including two studies for BsmI, [21, 22] one study for TaqI, [25] and one study for ApaI [33] were not consistent with HWE (P < 0.05). The characteristics of each study included in this meta-analysis are presented in Table 1 .
Quantitative synthesis Vitamin D receptor-BsmI polymorphism
The main results of BsmI polymorphism meta-analysis are shown in Table 2 
Vitamin D receptor-TaqI polymorphism
The main results of this meta-analysis are shown in Table 3 . Overall, no significant associations were found between TaqI polymorphism and chronic periodontitis risk when all studies were pooled into the meta-analysis under all genetic models (allele model: 
Vitamin D receptor-FokI polymorphism
The main results of FokI polymorphism meta-analysis are shown in Table 4 . The overall analyses suggested no significant association between the FokI and chronic periodontitis susceptibility in all genetic models Figure 1d) . We then performed stratified analysis by ethnicity and found a significant association between the ApaI polymorphism and chronic periodontitis risk in the mixed population under recessive model (TT vs. TG + GG: OR = 0.488, 95% CI = 0.239-0.996, P = 0.049), but not in the Caucasian, Asian, and African populations. Moreover, no significant associations were observed when stratified by HWE status.
Vitamin D receptor-ApaI polymorphism
Minor allele frequencies
We have calculated MAFs for controls from the corresponding genotype distribution. Frequencies of the BsmI G > A (rs1544410), TaqI T > C (rs731236), FokI C > T (rs2228570), and ApaI G > T (rs7975232) alleles were in range of 0.045-0.471, 0.038-0.436, 0.256-0.425, and 0.318-0.650, respectively. Moreover, the variant alleles had different representations among controls of different Asian descents [ Table 1 ].
Sensitivity analysis
In addition, we have performed sensitivity analysis by omitting four studies in which the genotype distributions of BsmI, TaqI, FokI, and ApaI polymorphisms in the healthy controls significantly deviated from the HWE. However, the significance of pooled ORs not influenced by omitting those studies, indicating that the results was stable.
Publication bias
We have assessed the publication bias of the literature qualitatively by funnel plots and estimated quantitatively by Begg's and Egger's tests. The shape of the funnel plots no revealed evidence of obvious asymmetry. Moreover, the Egger's test was used to provide further statistical evidence of funnel plot symmetry. However, we did not find any evidence of publication bias of the literatures regarding the BsmI, TaqI, FokI, and ApaI polymorphisms and chronic periodontitis under the all genetic models [ Figure 2a -d].
DISCUSSION
In this study, we examined the relationship between the polymorphism of widely investigated common [35] However, their results under cruise as their methodology in overall and subgroup analyses is not considerably correct. Thus, our main purpose of performing this meta-analysis was to improve statistical power and obtain more accurate quantitative results by increasing the sample size. Our meta-analysis indicates that BsmI polymorphism was not associated with increased chronic periodontitis risk when all eligible studies were pooled into the meta-analysis. In further stratified and sensitivity analyses, significantly increased chronic periodontitis risk was observed under the allele model in Caucasians for BsmI, but not in other ethnicities. Our results showed that carrying the BsmI minor allele may be a risk factor for chronic periodontitis in Caucasians. Similarly, some studies have shown that BsmI is associated with an increased risk of some autoimmune diseases including systemic lupus erythematosus [36] and diabetes type 1. [37] However, the functional significance of the BsmI polymorphism, which is located near the 3'-UTR region in intron 8, remains unclear. This polymorphism does not change the amino acid sequence of the encoded protein. However, it seems that BsmI may alter polyadenylation of the VDR mRNA transcript and thus affect gene expression through regulation of mRNA stability. [38] In the present meta-analysis, we also failed to detect any association between TaqI and ApaI polymorphisms and chronic periodontitis susceptibility in all four genetic models, even by ethnicity. Our results were consistent with a previous meta-analysis on VDR gene polymorphisms with susceptibility to different conditions such as melanoma, [39] female reproductive cancers, [40] atopic dermatitis, [41] and polycystic ovary syndrome. [42] The reason for this lack of association could be explained with further haplotype studies. Some studies suggested that ApaI and TaqI polymorphisms are located at the 3'end of the VDR gene neighboring the 3'UTR region, which do not result in changes in the predicted amino acid sequence of the VDR. [43] In addition, our data suggest that FokI not significantly associated with chronic periodontitis susceptibility. The functional FokI polymorphism is the most important start codon polymorphism in VDR gene, which is located in exon 2 at the 5' coding region of the gene. [41] [42] [43] Heterogeneity is an important problem when interpreting the results of a meta-analysis, [44] [45] [46] and identifying the sources of heterogeneity is one of the most important goals of meta-analysis. [47] [48] [49] In this study, significant between-study heterogeneity in the pooled analyses of all included studies was found for TaqI and ApaI polymorphisms. However, for these polymorphisms, the heterogeneity not disappeared fully after subgroup analysis by ethnicity and excluding the studies not in HWE.
We conducted the largest and most comprehensive quantitative meta-analysis of the relationship between VDR gene polymorphisms and chronic periodontitis risk. However, the results of the present meta-analysis should also be interpreted within the context of its limitations. First, we have performed this meta-analysis based mainly on the results from published studies. Future analyses may include data from more unpublished datasets. Second, due to limited individual data, we did not conduct a more precise analysis on other covariates such as age, gender, and environmental factors. Third, compared with many large-sample genetic association studies, the sample size of included studies in our meta-analysis is relatively small, especially for FokI and ApaI, which may limit the statistical power of this meta-analysis. Finally, the current data support the multifactorial nature of periodontitis, and both genetic and environmental factors are involved in the pathogenesis of this disease. Therefore, our results may be affected by additional confounding factors, such as gender, age, environmental factors, and we could not take this into account in this meta-analysis because studies did not report the data.
CONCLUSION
We failed to detect any association between BsmI, TaqI, FokI, and ApaI polymorphisms in the VDR gene and chronic periodontitis susceptibility in the overall population. Moreover, due to limited sample size, more large-scale, multi-racial association studies are required to further clarify the genetic association between various VDR gene polymorphisms and risk of chronic periodontitis.
